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At present, alkyl aryl derivatives of phenylenediamine are used as standard-produced, highly effective, complexaction stabilisers in the production of tyres and mechanical rubber goods [1] . The most widely used grades of the given stabilisers are Santoflex 6PPD, Santoflex SPPD, and Santoflex 7PPD. The main countries exporting the given products to Russia are the EU and China. The total volume of stabilisers of this class imported by industrial enterprises in Russia amounts to 10 000 t/year ($US 45 million).
A similar stabilising system is used in the synthesis of stereoregular 1,4-cis-polyisoprene. As a home-produced analogue of the imported stabilisers, use is made of a product produced under the trade name Novantox-8PFDA, the production of which has been organised at PAO Khimprom in Novochebokarsk [2] . However, the feedstock used for the production of this stabiliserp-aminodiphenylamine -is imported.
In the current economic climate, the development and organisation of the production of highly effective home-produced stabilisers are particularly urgent tasks.
In this work, trial compounds were developed and tested as stabilisers of SKI-3 polyisoprene rubber. The chemical formulae and physicochemical and toxicological properties of the given compounds are presented in Table 1 .
The ingress of certain amounts of stabilisers after the process of water-steam degassing into the chemically polluted wastewaters sent to biological purification works make it necessary to establish the toxicological properties of the trial compounds.
The toxicity of aqueous extracts of the organic compounds was determined by the biotesting method, using as the test specimens the lower crustacea Daphnia magna Straus and Ceriodaphnia affiris and algae Scenedesmus quadricauda (Protococcaceae). The criterion of toxicity is a mortality of crustacea of over 10% (48 h) and a reduction in the number of cells of algae of more than 20% (72 h) by the action of toxic substances present in the investigated aqueous medium by comparison with a control culture in samples not containing the toxic substances.
The index of safe concentration of the trial compounds increases in the order of β-oxypropylation products aniline, toluidene, and xylidine, which is directly related to reduction in water solubility and to the formation of stable emulsions ( Table 1) .
The structure of the trial compounds was confirmed by methods of NMR spectroscopy and chromato-mass spectrometry. The synthesised stabilisers A-1, T-1, and X-1 are solid, while T-5 and X-5 are liquid compounds that have good solubility in aliphatic and aromatic hydrocarbons.
Checking of the stabilising capacity of the trial compounds by comparison with the industrial stabilisers was done in two stages. At the first stage, the trial stabilisers were introduced into solutions of stereoregular 1,4-cis-polyisoprene, the solvent was removed by live steam, and the obtained degassed rubber was dried in a vacuum oven to constant weight. Subsequently, tests were conducted with the obtained rubber to establish its ability to retain the molecular and viscous characteristics of the polymer. The test results are given in Tables 2 to 4.
Tests to assess the stabilising capacity of antioxidants for SKI-3 rubber after water-steam degassing and processing in a Brabender plasticorder were conducted at a mixing temperature of 125°C, a mixing rate of 35 min
, a mixing time of 15 min, and a specimen weight of 65 g. The test results showed that the oxypropylated aromatic amines produced using aniline and toluidine exhibit unsatisfactory properties ( Table 2) .
Good stabilising capacity is possessed by antioxidants T-5, X-1, and X-5. The index relating to retention of viscous characteristics lies at the level of the control Novantox-8PFDA (Tables 2 and 4).
Trial stabiliser of grade T-1 is the most readily available of those listed. Therefore, it was of great interest to assess the stabilising capacity of this compound at high doses. The obtained results are presented in Table 3 .
Increase in the dose of stabiliser T-1 consistently lowers the rate and depth of the degradative processes occurring in the extruder. The most significant results with respect to protection against thermomechanical degradation are obtained when a mixture of stabilisers T-1 and Novantox-8PFDA is used, taken in equal mass quantities. In this case, the minimum rate and depth of degradative processes are observed. This is possibly due to the formation of hydrogen bonds between the atom of nitrogen located in the vicinity of the alkylaryl substituents in the Novantox-8PFDA molecule and the proton of the hydroxyl group of compound T-1, which is analogous to the formation of hydrogen bonds between amine and alcohol [3] .
The conducted investigations on a Pyris Diamond TG/TDA derivatograph confirm the assumptions made earlier. Thus, among other thermal effects observed during heating of a mixture of Novantox-8PFDA with stabiliser T-1, it is possible to note a new endothermic effect appearing at a temperature of 130°C, which is due to breakdown of associates:
The magnitude of this thermal effect is small and amounts to roughly 14.3 kJ/mol.
Tests conducted on an MV2000E instrument also indicate that it is preferable to use a mixture of Novantox-8PFDA and T-1 by comparison with the individual compounds ( Table 5 ). The Mooney viscosity after the mixer under the conditions described above for the individual stabilisers decreases by 43 and 25% for T-1 and Novantox-8PFDA respectively, and for their mixture only by 10%.
At the next stage, model mixtures were prepared according to a car tyre sidewall formulation based on 50 parts SKI-3 polyisoprene rubber and 50 parts SKD-N polybutadiene rubber, to which were added trial specimens of stabilisers in a quantity of 4 parts per 100 parts rubber. For comparison, use was made of antioxidant Diafen FP. Mixtures were prepared in two stages: the first stage on a laboratory internal mixer of the PolyLab system, the second stage on a laboratory mill. Specimens were subjected to thermooxidative ageing for 72 h at a temperature of 100°C [4] . The test results of the vulcanisates are given in Table 6 .
The conducted physicomechanical tests of vulcanisates based on SKI-3 rubber indicate that the trial stabilisers are analogous or superior to a vulcanisate containing imported Santoflex 6PPD in terms of resistance to thermooxidative ageing. On the whole, the combination of physicomechanical properties lies at a high level. The results of tests on the RPA-2000 instrument showed that the change in the mechanical loss tangent of rubber containing the trial stabilisers is less pronounced by comparison with the standard specimen. This is particularly clear in the case of using polyoxypropylated aromatic amines. The given compounds possess a pronounced plasticising effect, and, combining well with rubbers, are true plasticisers. Thus, for polyoxypropylated toluidine and xylidine, it has been established that, with increase in the degree of oxypropylation, there is a considerable reduction in the glass transition temperature (Table 1) .
Thus, it has been shown that polyoxypropylated aromatic amines are highly effective antioxidants in terms of their ability to prevent the degradation of macromolecules caused by exposure to elevated temperatures, mechanical loads, and oxidants. It has also been shown that, in a mixture of Novantox-8PFDA and stabiliser T-1, synergism of their stabilising capacity appears.
The stabilisers investigated are equivalent and in some cases superior to standard specimens of antioxidants, which makes it possible to remove imported analogues from the domestic market and thereby to solve the problem of import substitution in the given field, as the stabilisers are manufactured entirely from home-produced feedstock. 
